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Alternative feedstock CO2 – 
Motivation for chemical utilization 
 Sustainability 
• Resource efficiency 
• CO2 recycling 
• Climate protection 
      
 Industrial value creation 
• Process improvement 
• Market needs 
• International competitiveness 
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Strategies for CO2 conversion  
and utilization 
     
Urea  
(80 m. t/a) 
 
Methanol 
(2 m. t/a) 
 
Cyclic  
carbonate 
(0.04 m. t/a) 
Salicylic acid 
(0.025 m. t/a) 
Existing  Emerging  
 CO2 based 
polymers  
 Dry reforming 
 CO2 hydrogenation  
to formic acid 
 Fuels (DME) etc., 
Intermediates 
 ….  
 
Exploratory 
 Isocyanates 
 Organic 
carbonates 
 Lactone 
synthesis 
 Carboxylic acids 
 Formaldehyde 
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Dream Polymers –  
Direct and indirect use of CO2  
+ + Epoxide CO2 
► New development: Direct and indirect usage of CO2 
CO2 
Polymer  
(Polyol) 
CO2 based 
  CO2-based  
  intermediate 
 p-Formaldehyde as a polyoxymethylene building block for polyols 
 Lower carbon footprint 
 Lower raw material costs 
 
 
Methanol  
from CO2  
and  renewable H2 
Bio-methanol  
from bio methane or 
bio synthesis gas 
 
 
Methanol  
from fossil methane 
Polyoxymethylene-polyols –  
A renewable ressource for PUR 
  
  
► Making C1 building blocks available for PUR chemistry and technology 
mFA - 
Monomeric  
formaldehyde 
pFA - 
Polymeric–  
formaldehyde 
   
Building block 
for polyols 
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Synthetic strategies pursued in  
Dream Polymers  
3. pFA as starter-OH segment 
 
 ABA block copolymer 
pFA 
cat 
2. grafting of FA to obtain pFA segment 
 
 BAB block copolymer 
graft 
mFA 
PET = polyether polyol 
cat 1. direct FA/CO2 copolymerization 
 
 alternating / statistic copolymer 
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An integral approach –  
Polyurethanes from sustainable sources 
PUR 
Polyols 
Isocyanate 
Polyoxymethylen-
poly-carbonat-polyol 
Polyether-
Polycarbonat-Polyol 
20% of CO2 
directly used 
More than 40%  
from CO2  
or CO2 based feedstock 
Dream  
Polymers 
CO2RRECT 
Dream  
Production 
CO2 plus hydrogen to CO 
 Direct and indirect use of CO2 for polyols 
Use of CO2 as precursor and renewable energy 
► Direct and indirect use of CO2 offers new opportunities 
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Dream Polymers: Polyols from CO2 
Research and development along the value chain 
Scrubbing and  
supply of CO2 
Process development and  
conversion of CO2 
Fundamental research Life Cycle Assessment 
Production and testing of 
polyurethanes with CO2  
LTT 
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Polymeric formaldehyde as starter-OH 
n 
Molecular architecture defines opportunities 
OH HO PO 
standard PET 
OH HO POM PO PO 
pFA-PET 
OH HO POM PO/CO2 PO/CO2 
pFA-CO2-PET 
• Evolutionary approach 
• Block copolymer structure 
• Saving potential for fossil 
materials 
PET = polyether polyol 
Page 9 • BMBF Statuskonferenz, 2014-04-08 
Scale-up of technology developed 
Bayer Technology Services, LEV 
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69% 
9% 
18% 
4% 
Global polyether 
polyol market 2012* 
Conv. Polyol HR Polyol 
All Filled Polyols Other Polyols 
~ 2.8 Mio. t 
* Estimate based on IAL studies 
New pFA-CO2-based polyols for PUR 
Focus on TPU, elastomers, adhesives first 
Gluing 
Adhesives Wood - prepolymers 
Textile TPU 
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Thermal plastics stability test (TPU) 
CO2-pFA based plastics show good performance 
• CO2 and p-FA is chemically fixed inside the polyurethane backbone  
• Thermal plastics stability matches that of conventional PO polyols 
* TGA: Thermo-Gravimetric Analysis (heating rate: 10 K/min)   
► No release of gaseous monomeric formaldehyde in final product 
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How does it perform? 
Good properties in Thermoplastic Polyurethanes (TPU) 
► p-FA PO CO2 polyethers behave like PO/C3 polyethers in TPUs 
Shore A: 83-89,  
MDI based TPU 
0
2
4
6
8
10
12
100% PO 60% PO, 20% CO2, 20% pFA
PET
Modul 100% blau
Modul 300% grün
► Addition but no substitute for Dream Production polyethers 
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      pFA PO 2 PET PET 
Tensile strength > 500% 
© 
Ökobilanz (Life Cycle Assessment) 
• Betrachtung des gesamten 
Lebenszyklus  
(d.h. inkl. Vorketten)  
 
 
• Analyse von potentiellen 
Umweltauswirkungen: 
– Klimawirkung 
– Ressourcenbedarf 
– Toxizität, Versauerung, 
Überdüngungen, …  
 
14 8. April 2014 BMBF Statusseminar - LCA Dream Polymers 
Referenzen:  von der Assen et al., Energy Environ. Sci., 2013, 6, 2721-2734; 
 von der Assen et al., Chem. Soc. Rev., 2014, DOI: 10.1039/C3CS60373C. 
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Systemfließbild Dream Polymers 
15 
Formaldehyd 
CO2 
Methanol 
CH4 
Polyol-
Synthese 
katalytische 
Oxidation 
Kraftwerk mit 
CO2-Abscheidung 
Methanol-
Synthese 
Propylenoxid 
Polymethylen-
polycarbonate-
polyole 
Systemgrenze 
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OH HO POM PO/CO2 PO/CO2 
PO/CO2-pFA-PET PO-pFA-PET 
OH HO POM PO PO OH HO PO PO/CO2 
PO/CO2-PET 
pFA           0%                   0%                  24%                  21%           
CO2           0%                  20%                  0%                   16%         
Global Warming Impact 
16 
OH HO PO 
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PO-PET 
konventionell 
Fehlerbalken: Allokationseinfluss 
-17% -18% 
-30% Legende: 
Andere 
CO2 
pFA 
Epoxide 
© 
Alternative Methanol-Herstellung aus CO2 
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Formaldehyd 
CO2 
Methanol 
CH4 
Polyol-
Synthese 
katalytische 
Oxidation 
Kraftwerk mit 
CO2-Abscheidung 
Methanol-
Synthese 
Propylenoxid 
Polymethylen-
polycarbonate-
polyole 
Systemgrenze 
H2 
Strom
-mix 
Elektrolyse 
CO2 
Wind 
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Ausblick: pFA über Methanol aus CO2/H2 
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Konventionell 
(CH4→ MeOH) 
pFA über MeOH aus CO2 und H2: 
Strommix 
heute 
Strommix 
2050 
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OH HO PO 
PO-PET 
konventionell 
OH HO POM PO/CO2 PO/CO2 
PO/CO2-pFA-PET 
16% CO2, 21% pFA  
Legende: 
Andere 
CO2 
pFA 
Epoxide 
Fehlerbalken: 
Allokations- 
einfluss 
Wind- 
strom 
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Ausblick: pFA über Methanol aus CO2/H2 
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Konventionell 
(CH4→ MeOH) 
Fehlerbalken: Allokationseinfluss 
pFA über MeOH aus CO2 und H2: 
Strommix 
heute 
Strommix 
2050 
Wind- 
strom 
6,8 
-24% -57% 
Thank you! 
 It works! 
 Very good material properties 
 Improved CO2 footprint 
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